Several studies have argued that under field conditions plant-soil feedback may be related to 20 the local density of a plant species, but plant-soil feedback is often studied by comparing 21 conspecific and heterospecific soils or by using mixed soil samples collected from different 22 locations and plant densities. We examined whether the growth of the early successional 23 species Jacobaea vulgaris in soil collected from the field is related to the local variation in 24 plant density of this species. In a grassland restoration site, we selected eight 8x8 m plots, four 
Introduction

73
Plants influence the biology, chemistry and structure of the soil they grow in, which in turn, higher local densities of conspecifics and this is caused by soil fungal pathogens (Bell, 99 Freckleton & Lewis 2006).
100
Although most of this work has been done with tree species, similar density-dependent 101 PSF may be expected in grasslands (Bever 1994 
132
In this study we carry out a bioassay to examine whether growth of J. vulgaris is where the plant is not growing or is present only at low densities.
144
In an area of 400 x 400 m within a restoration grassland, we selected four 8x8 m plots 145 with high density of J. vulgaris and four with lower density. Furthermore, we selected four Voorde et al. 2012 ). In The Netherlands, it is particularly abundant in nature 163 restoration areas on former arable fields, and along roadsides (Bezemer et al. 2006a ).
164
Jacobaea vulgaris is a biannual plant that spends its first year as a rosette, and flowers during High-than in Low-density plots (Table 1) , even when only the sub-plots that contained a High-density and the four Low-density plots (see Appendix A: Table 1 ).
293
In High-density plots, there was a positive relationship between the density of J. 
314
In inoculated soil, plants grew best when soil was inoculated with C. vulgaris soil,
315
significantly less well in soil inoculated with Low-density soil, and worst in soil inoculated 316 with High-density soil (F 2,9 = 13.87, P = 0.002, Fig. 1A ). Root/shoot ratios were significantly 317 higher in inoculated C. vulgaris soil than in inoculated High-or Low-density soil (F 2,9 = 4.90, 318 P = 0.008, Fig. 1B ).
319
The biomass of plants grown in pure High-density soil was negatively related to the 320 density of J. vulgaris plants in a subplot ( Fig. 2A) was not related to soil nutrients, but for High-density plots there was a negative relationship 328 between biomass and the pH of the inoculated soil (see Appendix A: Table 2 ). density plots compared to Low-density plots, although this difference was not significant.
362
Moreover, in the regression analysis, biomass of plants grown in the greenhouse in pure soil 363 collected from High-density plots was negatively related to the local density of J. vulgaris 364 plants in the field. Hence, even though soil nutrients greatly affected plant growth in pure soil,
365
we were still able to detect a density-dependent effect of J. vulgaris on plant growth. We did 366 not find such a negative relationship between plant biomass and plant density in Low-density 367 soils. We propose that the number of J. vulgaris plants in Low-density plots was too low to 368 cause a negative PSF. It is important to note that the identity and density of other plant species 
374
It is well known that soil nutrients positively affect the growth of J. vulgaris (Hol, 375 Vrieling soil'), in sterilised bulk soil inoculated with live field soil ('Inoculated soil') or in sterile soil.
542
The field soil was collected from four plots with high J. vulgaris density ('High-density 543 plots'), four with low J. vulgaris density ('Low-density plots') or from four plots dominated
544
by Calluna vulgaris from which J. vulgaris was absent ('C. vulgaris plots'). Jacobaea 545 vulgaris did not grow in pure C. vulgaris soil. Significant differences are indicated by 546 different letters, with capital letters denoting pair-wise differences among the three soil types
547
(pure soil, inoculated soil and sterile soil) based on one-way ANOVA, and lowercase letters 548 denoting pair-wise differences among the three soil origins (High-density, Low-density and C. 
